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Noninvasive Determinations of Arterial
Oxygenation and CO, Tension

MoST ARTERIAL BLOOD analysis is done to evaluate oxygen-
ation (partial pressure of arterial oxygen [Pao,]) and ade-
quacy of ventilation (arterial carbon dioxide tension [Paco,]).
It is now technically possible to do these measurements nonin-
vasively. Noninvasive determination of arterial O, saturation
by transmitting two infrared wavelengths through the ear cap-
illaries was developed in 1935 but was clinically unacceptable
because of difficulties in calibration and inaccuracy in the
clinical setting. Improved technology in the 1970s, using two
to eight wavelengths, coupled with analysis of the pulse of
arterial blood in the ear heated to 39°C, allowed for simpli-
fied calibration and clinically useful ear oximetry. Simulta-
neously, neonatologists found that the blood O, electrode
applied to the skin heated to 44°C could give accurate esti-
mates of Pao, when blood flow to the skin was adequate. Such
measurements have largely replaced arterial blood gas anal-
ysis in neonatal intensive care units. In adults, the thickened
skin (physiologic if not sociologic) made transcutaneous O,
tension (Ptco,) less reliable.

Similarly, the transcutaneous CO, pressure can be mea-
sured using either infrared transmission or the blood CO,
electrode. Accuracy still depends on adequate blood flow to
skin but less so than Ptco, since a continuous flux of CO,
through the skin is not needed. CO, can also be measured in
the exhaled air by infrared analyzers or mass spectrometry.
The end-tidal CO, pressure (Petco,) approximates Paco,, and
rebreathing methods can give better approximation of the
mixed venous CO; pressure (Pvco,).

These noninvasive methods are being increasingly applied
clinically in the 1980s. As technology improves and becomes
more familiar, their use can be expected to increase and re-
place arterial blood gas determinations in adult patients, as it
already has in neonates. Several well-established applications
for ear oximetry are as follows: to monitor for sleep apnea and
hypoxemia during sleep studies; to adjust the amount of in-
spired O, at the bedside to achieve the desired O, saturation
(usually more than 90% or a Pao, of more than 60 torr); to
monitor oxygenation during exercise studies, and to monitor
oxygenation in critically ill patients in intensive care units.
These measurements should be verified by an initial simulta-
neous arterial blood analysis, particularly in a critical care
setting or when the data are not consistent with the clinical
assessment. Repeated arterial punctures to monitor oxygen-
ation, however, are clearly no longer necessary or desirable.

Transcutaneous O, monitoring may also be used in the
above settings but is more time-consuming to set up, requires
higher temperatures (44°C), leaving a burn on the skin and
therefore needs to be moved every three to four hours, and is
more critically dependent on skin blood flow for accuracy.
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Noninvasive monitoring of CO, is less common and usu-
ally applied to critically ill patients where ventilatory failure
is imminent or present and endotracheal intubation and me-
chanical ventilation are indicated. A single skin electrode is
now available to monitor both Ptco, and Ptcco,. A single
infrared unit can be used to alternately monitor both airway
CO, (Petco,) and Ptcco,. The Petco, underestimates the
Paco,, and Ptcco, tends to overestimate the Paco,. Moni-
toring both Petco, and Ptcco, can provide a bracket to esti-
mate Paco,. Changes in Petco, or Ptcco, indicate either
changes in Paco, or in the gradient between Paco, and Petco,.
The Paco,-Petco, gradient increases with abnormalities in
ventilation (low tidal volume or maldistribution of ventila-
tion), while the Paco,-Ptcco, gradients increase when skin
blood flow decreases or increases Pvco, due to metabolic
changes. Therefore, a change in a noninvasive CO, measure-
ment indicates either true Paco, changes, not uncommon in
mechanically ventilated patients, or possibly a clinically sig-
nificant pathologic change in ventilation, blood flow or me-
tabolism. ‘“Smart’’ alarm systems capable of analyzing such
complex physiologic data to differentiate artifact from actual
changes are technically possible, but the utility or necessity in
a patient with critical ventilatory and circulatory problems is
yet to be determined. For now, successful use of noninvasive
CO; measurement depends on a ‘“‘smart” and experienced
critical care team.

ROBERT J. FALLAT. MD
San Francisco
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Home Oxygen Therapy

HOME OXYGEN THERAPY is indicated to correct hypoxemia
and prevent the adverse cellular effects of hypoxia reflected in
abnormalities of brain, heart and lung function. Hypoxemia is
assessed by clinically evaluating a patient and by directly
measuring arterial blood oxygen tension and saturation.

The management of hypoxemia due to chronic lung dis-
ease is the principal clinical indication for home oxygen
therapy. Ongoing oxygen therapy should be prescribed for
those patients who, after a month of optimal medical manage-
ment, show a resting, nonrecumbent arterial oxygen tension
of less than 55 mm of mercury or an arterial oxygen saturation
of less than 85 % . Patients with evidence of pulmonary hyper-
tension, impaired mentation or erythocytosis qualify for
home oxygen therapy if their arterial oxygen tension is less
than 60 mm of mercury.

The National Institutes of Health Nocturnal Oxygen
Therapy Trial showed the superiority of continuous over noc-
turnal oxygen therapy in the treatment of hypoxemia due to
chronic obstructive pulmonary disease.

When hypoxemia occurs only during sleep, or when su-
pine, and if the arterial oxygen tension falls to less than 55 mm
of mercury or the oxygen saturation to less than 85%, oxygen
therapy during sleep, or when supine, is indicated.
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Oxygen therapy during exercise may be prescribed if the
arterial oxygen falls below 55 mm of mercury or saturation
falls below 85% during exercise, or if laboratory exercise
studies show that oxygen improves exercise performance.

An oxygen prescription should designate the equipment
needed—that is, stationary or portable oxygen supply, regu-
lator and cannula or mask. In general, humidification is not
required with low-flow oxygen. The prescription should indi-
cate the flow rate, diagnosis, length of time oxygen is to be
required, prognosis and a recent blood gas value. The flow
rate prescribed is that which will alleviate hypoxemia. Flow
rates between 1 and 5 liters per minute are generally pre-
scribed. Flows above 5 liters per minute are impractical; the
use of newer oxygen-sparing cannulas, however, may permit
effective oxygen therapy for patients requiring a high oxygen
concentration. Oxygen may be supplied in compressed cylin-
ders, liquid reservoirs or oxygen concentrators. Cost and con-
venience factors generally dictate the type of oxygen
supplied.

PHILIP M. GOLD, MD
Loma Linda, California
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Passive Smoking and Health

PASSIVE SMOKING REFERS to the involuntary exposure of
nonsmokers to tobacco combustion products released from a
burning cigarette and exhaled by an active smoker. In en-
closed spaces, tobacco smoking increases the concentration of
gases and respirable particulate matter. Passive smoking ap-
pears to involve inhalation of most tobacco combustion by-
products. For example, cotinine, the major metabolite of nic-
otine, has been detected in the plasma, urine and saliva of
nonsmokers exposed to tobacco smoke. Passive exposure to
tobacco smoke has been linked primarily to respiratory ef-
fects.

Upper airway problems associated with passive smoking
include irritation, persistent middle-ear effusions in children
and an increased frequency of tonsillectomy and adenoidec-
tomy in children. Epidemiologic investigations have linked
passive smoking in children to increased occurrences of lower
respiratory tract infections; increased cough, phlegm and
wheeze, and to reduced lung function. At present the evidence
is most convincing for lower respiratory tract infections
during infancy. The results of longitudinal investigations have
shown an increased risk of bronchitis and pneumonia during
the first year of life for children with smoking parents.

Investigations in adults have focused on the effects of
passive smoking on respiratory symptoms and lung function
and on lung cancer risk. For respiratory symptoms, the avail-
able data do not show a consistent pattern. Reduced flow rates
at low lung volumes, suggestive of small airways abnormali-
ties, have been associated with passive smoking in two
studies. While patients with chronic cardiac and pulmonary
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diseases may be postulated to be particularly susceptible to the
effects of passive smoking, little relevant data are available.
Because of methodologic constraints, particularly in accu-
rately quantifying exposure, studies of passive smoking and
lung cancer offer conflicting results. Passive smoking is a
biologically plausible risk factor for lung cancer, however.

In the United States, about 54 million adults are currently
smoking. The resulting high prevalence of exposed non-
smokers makes passive smoking an important public health
problem.

DAVID B. COULTAS, MD
JONATHAN M. SAMET, MD
Albuquerque
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Acquired Immunodeficiency
Syndrome—The Diagnosis of
Pneumocystis carinii Pneumonia

THERE IS NO LABORATORY test for diagnosing the acquired
immunodeficiency syndrome (AIDS). The manifestation of
immune deficiency implied by the presence of opportunistic
infection, tumors and other processes heralds the presence of
this syndrome and related manifestations, known collectively
as AIDS-related complex or ARC. The use and diagnostic
significance of human T-lymphotrophic virus type III in the
diagnosis of AIDS are controversial and uncertain at this
time.

Pneumocystis carinii pneumonia afflicts 60% to 85% of
AIDS patients, half of whom will have recurrence of the
illness within 12 months. The patients who are diagnosed
early with mild hypoxia are more likely to survive an episode
of P carinii pneumonia than patients in whom a diagnosis is
delayed.

Among patients with AIDS, P carinii pneumonia often
presents insidiously over a period of one to two months.
Cough and dyspnea in patients at risk for AIDS should always
suggest the presence of P carinii pneumonia. Patients at risk
for AIDS include homosexuals and heterosexuals in whom
there is an appropriate exposure history, intravenous drug
abusers and patients who have received blood or blood prod-
ucts during the previous five years. The history and physical
examination may imply the presence of immune suppression.
An oropharyngeal examination may reveal thrush, oral Ka-
posi’s sarcoma or hairy leukoplakia. Cutaneous findings in-
clude Kaposi’s sarcoma, a new onset of seborrheic dermatitis
or herpetic anogenital infection. An eye examination may
show conjunctival Kaposi’s sarcoma as well as cotton-wool
exudates and findings consistent with cytomegalovirus reti-
nitis. Additional findings labeled as ARC include diffuse ade-
nopathy, prolonged unexplained fever, diarrhea and weight
loss or ‘“‘wasting.” Of note, two thirds of patients with P
carinii pneumonia have normal chest auscultatory findings.

The chest radiograph is helpful if there is a diffuse
ground-glass infiltrate, but focal infiltrates have also been
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